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Abstract: The purpose of this study was to evaluate the effect of demineralized bone matrix (DBM) on autogenous cortical bone
resorption in rats.
Fifty-six male Wistar rats were used and divided into the baseline group (n = 8), the experimental group (n = 24) and the control
group (n = 24). The experimental and contol groups were subdivided into three groups. Each subgroup was followed-up for 2, 4,
and 12 weeks respectively. Initially, overnight fasting urine and blood samples were collected from the baseline group to obtain
biochemical parameters in healthy rats. In the experimental group, bone defects 3 mm in diameter and 2 mm in depth were created
in the right femur. Autogenous cortical bone graft 3 mm in diameter and 2 mm in depth was harvested with a standard trephine
bur from the right femur 5 mm from the defect site. Bovine derived DBM gel was applied locally on the bone defect. Following this
procedure, the graft was placed in the bone defect and stabilized by perifemoral wiring. In the control group, the same procedures
were applied but the bone graft was placed without DBM. Serum calcium, phosphate, PTH and 25 dihydroxyvitamin D levels and
urine pyridinoline, deoxypyridinoline, calcium and creatinine levels were measured during the study.
Urinary deoxypyridinoline and pyridinoline levels, which are the markers of bone resorption were significantly lower in the
experimental group than in the control group at 2, 4, and 12 weeks. Significant reduction in the number of osteoclasts and
resorptive lacunae revealed the pronounced suppression of the graft resorption in the experimental group.
The results of this study revealed that DBM is effective in decreasing the resorption of autogenous cortical bone graft.
Key Words: Demineralized bone matrix, autogenous graft, bone resorption.

Introduction
Bone-grafting techniques and materials are commonly
used to fill defects and voids to restore form and function
where bone is missing. Different types of graft materials
accomplish this in different ways. It is known that
acceptable clinical outcome of bone grafts depends on the
choice of proper graft material and technique (1-3). In
determining the type of graft to be used for a particular
surgical procedure, a ranking of the desired properties
should be considered before deciding on the specific graft
(2-4). Where mechanical strength or resistance to
resorption is required, autogenous monocortical or
bicortical bone grafts are clearly preferred in bone

grafting procedures (1,4). However, cortical bone grafts
have a limited capacity to provide viable cells (3,4).
Demineralized bone matrix (DBM) either alone (5-7), or
in combination with bone marrow, autogenous bone
graft (8), or other materials (9-10) are often used in
clinical practice because of its osteoconductive and
osteoinductive properties.
DBM has been shown to induce bone formation in
animals as well as in human studies and utilized to
promote bone regeneration (11-16). DBM contains active
proteins such as bone morphogenetic protein (BMP),
transforming growth factor-beta, osteogenin, insulin-like
growth factor, and fibroblast growth factor, which are
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indirectly involved in bone healing cascade (17-19).
Previous studies have been focused on the efficacy of
DBM on bone regeneration due to the presence of BMP.
Active BMPs in DBM generate potent osteoinductive
signals and induce bone formation in vivo and osteoblast
differentiation from non-osseous cells in vitro by inducing
ALP activity (10,19,20). DBM may act on bone resorption
as well as bone formation, because bone resorption is an
essential process in bone development and regeneration.
This experimental study was conducted to evaluate
the effect of DBM on resorption of autogenous cortical
bone graft.

Materials and Methods
Fifty-six male Wistar rats, weighing 480-510 ± 30.6
g were used in this study. The study was approved by the
local Ethic Committee for Animal Research. The animals
were divided into three groups; the baseline group (n =
8), the experimental group (n = 24) and the control
group (n = 24). The experimental and the control groups
were subdivided into three groups (n = 8 in each
subgroup) which were observed at 2, 4, and 12
postoperative weeks respectively. Overnight fasting urine
and blood samples were collected from the baseline group
to obtain biochemical parameters in healthy rats.
All animals were anesthetized by intramuscular
injections of ketamine hydrochloride 100 mg/kg and
chlorpromazine 25 mg/kg. Surgical procedure was
performed under sterile conditions. The right femurs of
all rats were exposed by vertical skin incision and
reflection of the periosteal flap. A bone defect of 3 mm in
diameter and 2 mm in depth was created. Then a bone
graft of 3 mm in diameter and 2 mm in depth was
osteotomised 5 mm from the defect site with a standard
trephine bur under continuous irrigation with saline. The
bone graft was preserved in a moist gauze while
preparing the recipient site. In the experimental group
bovine derived DBM in gel form (75 mg) (Grafton,
Osteotech, Shrewsbury, NJ, U.S.A.) was applied locally
onto the bone defect. The graft was placed in the bone
defect and stabilized by perifemoral wiring. The
periosteum, muscle fascia and skin were then sutured in
separate layers. Sefazolin was administered
intramuscularly during the operation and for 3 days
postoperatively. Healing progressed uneventfully in all
animals and no postoperative complications were noticed
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during the study periods. All rats were sacrificed at the
aformentioned post-operative weeks. Before sacrificing,
overnight fasting urine and blood samples were collected
to assay the biochemical markers of bone resorption and
mineral homeostasis.
All samples were stored at –70 °C until assayed.
Serum calcium, phosphate, PTH and 25 hydroxyvitamin D
levels and urine deoxpyridinoline, pyridinoline, calcium
and creatinine were measured. Serum and urine calcium
and serum phosphate were measured by using a
commercial kit (Sigma Diagnostics, St Luis, USA). PTH
was measured by RIA, using a commercial kit (Diagnostic
System Lab. Inc. Texas, USA). 25 hydroxyvitamin D was
measured by RIA, using a commercial kit (IDS Chemical
Systems, Milton, USA). Deoxpyridinoline and pyridinoline
were measured by high performance liquid
chromatography (HPLC), using a commercial kit
(Chromsystems, München, Germany). Creatinine was
measured by Jaffe methods, using a commercial kit
(Roche Diagnostics, Basel, Switzerland).
The right femurs were dissected, and fixed in 10%
buffered formalin solution. The specimens were
decalcified in 15% formic acid for 3 weeks, then
embedded in paraffin. 6mm thick sections were prepared
longitudinally in the junctions between autogenous
cortical bone graft and host bone. The sections were
stained with hematoxylin and eosin (H&E) and evaluated
at magnifications of 4X, 10X, and 40X under a light
microscope (Olympus, Bx50) to characterize cellular
reactions. The graft–host bone junction was selected for
the histological measurements because it appeared to
exhibit the highest bone remodeling. Four slides were
used from each biopsy. The number of osteoclasts was
counted and the number and size of resorptive lacunae
per specimen were evaluated as an indication of bone
resorption in a tissue area of 250 µm2 at 40X
magnification (eyepiece micrometer square 10mm/10,
Olympus). Osteoclasts were defined as multinucleated
eosinophilic cells on the border of grafted bone surface.
The resorptive lacunae were defined as regions of grafted
bone beneath large multinucleated cells.

Statistical Analysis
For the analysis of differences between the control
and the experimental groups, the Kruskal-Wallis test was
used, and in case of differences, the Mann-Whitney’s U-
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In the experimental group, there was a reduction in
the serum calcium level at 2 (P < 0.05), 4 (P < 0.05) and
12 (P > 0.05) weeks in comparison with the control
group. There was only a statistically significant increase in
the experimental group at the 2nd week (P < 0.01) as
compared with baseline values, while there was
statistically significant increase in the control group at 2
(P < 0.01), 4 (P < 0.01) and 12 (P < 0.01) weeks.

with the baseline group. The serum PTH steadily
decreased in the control group over 12 weeks. In the
experimental group, serum PTH decreased for the first 4
weeks, then a prominent elevation was observed at the
12th week. The difference between the control and the
experimental group was only significant at the 12th week
(P < 0.01). The significant decrease in serum 25
hydroxyvitamin D were seen in both the control and the
experimental groups at 2, 4 and 12 weeks as compared
with the baseline values. However, the differences
between the control and the experimental groups were
not significant at 2, 4 and 12 weeks (P > 0.05). There
was a significant increase in urinary calcium in the
experimental group at 2 (P < 0.01), and 4 (P < 0.01)
weeks, with an approximating baseline level at 12 weeks
(P < 0.01). The control group demonstrated a higher
increase in serum calcium over the time of the study
periods, this difference being statistically significant (at
the 2nd and the 4th weeks: P < 0.01, at the 12th weeks: P
< 0.05).

There was also a distinguishable difference in serum
phosphate level in both the control and the experimental
group. There was a progressive increase in the
experimental and the control group over 12 weeks, while
values at the 12th week showed nearly identical scores

There was a steady and significant increase in urinary
pyridinoline and deoxypyridinoline over the course of
treatment in both the control and the experimental
groups as compared with baseline values. The
experimental group demonstrated a statistically

test was applied. Data for all parameters were compared
within the groups using the Friedman test followed by
Wilcoxon’s test when significant differences were found.
To compare the baseline group with the control and the
experimental group, Wilcoxon’s test was used.

Results
The comparison of mean values of serum and urinary
biochemical parameters in the control and experimental
group at 2, 4 and 12 weeks and baseline values are listed
in Table 1, Table 2 and Table 3.

Table 1. The comparison of mean values (±SD) of serum biochemical parameters in the control and experimental groups at 2, 4, and 12 weeks.

Experimental group
Baseline
n=8

2 weeks
n=8

b

Serum calcium (mg/dl)

6.24 ± 0.90

7.61 ± 0.61
b

Serum phosphate (mg/dl)

4.72 ± 0.13

5.59 ± 1.14
a

Serum PTH (ng/ml)

60.44 ± 5.44

38.57 ± 3.77
a

Serum 25 hydroxyvitamin
D (ng/ml)

56 ± 3.6

54.85 ± 4.98

4 weeks
n=8
b

6.74 ± 0.36
b

6.60 ± 0.47
a

30.14 ± 3.62
a

54.85 ± 4.98

Control group
12 weeks
n=8

2 weeks
n=8

4 weeks
n=8

12 weeks
n=8

9.24 ± 0.47

8.94 ± 0.84

8.24 ± 1.2

7.34 ± 1.07

7.15 ± 0.41

4.31 ± 0.7

44 ± 7.52

35.14 ± 4.59

33.71 ± 4.57

51.14 ± 1.34

47.85 ± 2.67

24.71 ± 1.60

a

6.92 ± 0.66
c

7.6 ± 0.94
c

58.77 ± 8.99
a

32 ± 1.15

aP > 0.05, bP < 0.05, cP < 0.01; Mann-Whitney’s U-test
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Table 2. The comparison of mean values (±SD) of urinary biochemical parameters in the control and experimental groups at 2, 4, and 12 weeks.

Experimental group
Baseline
n=8

2 weeks
n=8

4 weeks
n=8

9.21 ± 0.42

12.54 ± 0.95

38.42 ± 2.99

61..08 ± 3.99

Urinary deoxypyridiniline
(nM/mM)

5.81 ± 0.45

7.98 ± 0.5

12 weeks
n=8

10.64 ± 0.53

14.68 ± 0.45

18 ± 0.27

11.72 ± 0.44

40.92 ± 6.60

60.82 ± 4.45

78.60 ± 2.13

54.12 ± 5.33

10.92 ± 0.96

17.21 ± 0.56

14.34 ± 0.46

c

c

c

4 weeks
n=8

b

c

53.40 ± 2.69

2 weeks
n=8

b

14.84 ± 0.45

b

Urinary pyridinoline (nM/mM)

12 weeks
n=8

c

c

Urine calcium (mg/dl)

Control group

11.94 ± 0.92

6.32 ± 0.55

aP > 0.05, bP < 0.05, cP < 0.01; Mann-Whitney’s U-test

Table 3.

The comparison of mean changes from baseline in serum and urinary biochemical parameters in the control and experimental groups at
2, 4, and 12 weeks.
Experimental group

Control group

Baseline
n=8

2 weeks
n=8

Serum calcium (mg/dl)

6.24 ± 0.90

7.61 ± 0.61 c

6.74 ± 0.36

a

6.92 ± 0.66

Serum phosphate (mg/dl)

4.72 ± 0.13

5.59 ± 1.14 b

6.60 ± 0.47

c

7.6 ± 0.94

Serum PTH (ng/ml)

4 weeks
n=8

c

12 weeks
n=8

2 weeks
n=8
a
c

30.14 ± 3.62

c

58.77 ± 8.99

54.85 ± 4.98

b

32 ± 1.15

60.44 ± 5.44

38.57 ± 3.77

(ng/ml)

64.28 ± 5.34

56 ± 3.6

Urine calcium (mg/dl)

9.21 ± 0.42

12.54 ± 0.95 c

14.84 ± 0.45

c

10.64 ± 0.53

38.42 ± 2.99

53.40 ± 2.69

c

61.08 ± 3.99

c

40.92 ± 6.60

5.81 ± 0.43

7.98 ± 0.5

11.94 ± 0.92

c

6.32 ± 0.55

a

4 weeks
n=8

12 weeks
n=8

9.24 ± 0.47

c

8.94 ± 0.84

c

8.24 ± 1.2

c

7.34 ± 1.07

c

7.15 ± 0.41

c

4.31 ± 0.7

a

44 ± 7.52

b

35.14 ± 4.59

c

33.71 ± 4.57

c

c

24.71 ± 1.60

c

11.72 ± 0.44

c

Serum 25 hydroxyvitamin D
b

c

51.14 ± 1.34

c

47.85 ± 2.67

c

14.68 ± 0.45

c

18 ± 0.27

a

60.82 ± 4.45

c

78.60 ± 2.13

54.12 ± 5.33

c

10.92 ± 0.96

c

17.21 ± 0.56c 14.34 ± 0.46

c

c

Urinary pyridinoline
(nM/mM)

c

Urinary deoxypyridiniline
(nM/mM)

c

a

aP > 0.05, bP < 0.05, cP < 0.01; Wilcoxon’s test

significant decrease in the level of urinary pyridinoline and
deoxypyridinoline at 2 (P < 0.05, P < 0.01), 4 (P < 0.01,
P < 0.01) and 12 (P < 0.05, P < 0.01) weeks in
comparison with the control group. In both groups, a
decrease was observed in urinary pyridinoline and
deoxypyridinoline from the 4th week to the 12th week, but
the levels were significantly lower in the experimental
group than in the control group (P < 0.01).
Multinuclear giant cells were significantly reduced in
the experimental group compared with the control group
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at 2 (P < 0.001), 4 (P < 0.001), and 12 (P < 0.001)
weeks (Table 4). As shown in the histological sections, an
increase in the number of osteoclasts was seen in the
control group (Figure 1), whereas a lower number of
multinuclear cells was observed in the experimental group
(Figure 2 and Figure 3) at 2, 4, and 12 weeks. A
significant reduction in the number and size of resorptive
lacunae was noticed in the experimental group compared
with the control group at 2, 4, and 12 weeks (Figure 2
and Figure 3).
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Table 4. The comparison of mean values (±SD) of the number of osteoclasts in the control and experimental groups at 2, 4, and 12 weeks.

Experimental group
2 weeks
n=8

d

The number of osteoclasts

18..65 ± 1.34

4 weeks
n=8
d

12.45 ± 0.50

Control group
12 weeks
n=8

2 weeks
n=8

4 weeks
n=8

12 weeks
n=8

40.14 ± 2.9

27.57 ± 3.3

16.00 ± 2.23

d

6.23 ± 0.65

d P < 0.001; Mann-Whitney’s U-test

Figure 1. Increase in the number of osteoclasts (white arrows) and resorptive lacunae (black
arrows) along with woven bone formation were observed in the control group at the
2nd week (H&Ex100).

Figure 2. Decreased number of osteoclasts (white arrows) and resorptive lacunae (black
arrows) and lamellar bone formation were noticed in the experimental group at the
4th week (H&Ex40).
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Figure 3. Histopathological sections of the experimental group with smaller number of
osteoclasts (white arrows) and resorptive lacunae (black arrow) and new lamellar
bone formation at the 12th week (H&Ex200).

Discussion
Bone grafts are frequently used in the fields of
periodontology,
oral-maxillofacial
surgery
and
orthopedics to repair bone defects and promote new
bone
formation.
These
materials
are
osteoinductive/osteoconductive and accelerate healing by
formation of new bone tissue. DBM has been studied
extensively as an osteoinductive agent due to the presence
of BMP (10,12,18,19,21-24). The efficacy of DBM was
previously tested in animal models and found to promote
new bone formation at orthotopic and heterotopic sites,
such as muscle tissue, with no adverse reaction
(13,15,25). However, the effectiveness of DBM is still
controversial (26). Many studies demonstrated a
beneficial effect of its use (7,18,26), whereas others
reported that DBM has no significant effect on new bone
formation of lamellar bone (5,6,22,27-29). The
conflicting results are attributed to the age of the donor
and host animals, methods of preparation, embryologic
origin of DBM, size of the DBM particles, amount of the
implanted material, and the period and storage conditions
of the material (6).
It was demonstrated that following bone grafting,
remodeling takes place both in the recipient bone and in
the graft (4,30). During the remodeling periods, both
bone formation and resorption occur simultaneously. The
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changes in the rate of new bone formation would
probably affect the rate of bone resorption during graft
remodeling. The effect of DBM on bone resorption is not
clear. To our knowledge, no report exists about the direct
effect of DBM on bone resorption of autogenous bone
graft. Previous studies have focused on the efficacy of
DBM on bone regeneration. DBM was compared with
autogenous bone graft in most of the researches
(6,27,29,31). In the present study, the effect of DBM on
bone resorption of autogenous cortical bone graft was
examined by biochemical and histological means.
Groeneveld et al. (8) compared the bone resorption in
human sinus floor elevations grafted with DBM and
autogenous bone. They reported that the number of
osteoclasts were fewer in DBM than in autogenous bone.
Babbush (18) histologically evaluated human biopsies
after dental augmentation with demineralized bone
matrix putty. He did not directly examine bone
resorption, but noticed only a few osteoclasts in the
specimens.
In the present study, the suppression of urinary
excretion of deoxypyridinoline was significantly greater in
the experimental group than in the control group at 2, 4,
and 12 weeks, showing significant inhibition of bone
resorption. The decreased number of osteoclasts and
resorption lacunae at 2, 4, and 12 weeks also confirmed
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the reduction of bone resorption in the experimental
group.
During the remodeling phase of the bone graft, the
degree of bone resorption is very important to stimulate
new bone formation and maintain graft volume (14,32).
Less bone resorption may provide the volumetric
maintenance of the bone grafts (32,33) and contraction
of the remodeling space. In the present study, the volume
of the graft was not evaluated during remodeling.
Further histomorphometric studies are needed to
determine changes in the graft volume after application
of DBM.

In conclusion, both biochemical and histological results
of the present study consistently showed that DBM is
effective in decreasing bone resorption of autogenous
cortical bone grafts.
Corresponding author:
Ça¤r› DEL‹LBAfiI
Yeditepe Üniversitesi Difl Hekimli¤i Fakültesi
Ba¤dat Cad. No: 238
34728, Göztepe, ‹stanbul - TURKEY
E.mail: delilbasi@hotmail.com

References
1.

Santoro F, Maiorana C, Rabagliati M. Long-term results with
autogenous onlay grafts in maxillary and mandibular atrophy. J
Long Term Effects of Medical Implants 9: 215-222, 1999.

2.

Kahnberg KE, Rasmusson L, Mohammad S. An experimental
study rabbit model for studying the healing of onlay bone grafts.
Swed Dent J 22: 15-21, 1998.
Gazdag AR, Lane JM, Glaser D et al. Alternatives to autogenous
bone graft: Efficacy and indications. J Am Acad Orthop Surg 3: 18, 1995.

3.

4.

Bell WH. Modern practice in orthognathic and reconstructive
surgery Vol. II, W.B. Saunders, Philadelphia, 1992, pp: 831-853.

5.

Cook SD, Salkeld SL, Patron LP et al. The effect of demineralized
bone matrix gel on bone ingrowth and fixation of porous
implants. J Arthoplaty 17: 402-408, 2002.

6.

Mardas N, Kostopoulos L, Stavropoulos A et al. Osteogenesis by
guided tissue regeneration and demineralized bone matrix. J Clin
Periodontol 30: 176-183, 2003.

7.

Van den Bergh JPA, ten Bruggenkate CM, Krekeler G et al.
Maxillary sinus floor elevation and grafting with human
demineralized freeze dried bone. Clin Oral Impl Res 11: 487-493,
2000.

8.

9.

10.

Groeneveld EH, van den Bergh JP, Holzmann P et al.
Mineralization processes in demineralized bone matrix grafts in
human maxillary sinus floor elevations. J Biomed Mater Res 48:
393-402, 1999.
Bowers G, Felton F, Middleton D et al. Histologic comparison of
regeneration in human intrabony defects when osteogenin is
combined with demineralized freeze-dried bone allograft and with
purified bovine collagen. J Periodontol 62: 690-702, 1991.
Kim SG, Kim WK, Park JC, Kim HJ. A comparative study of
osseointegration of Avana implants in a demineralized freezedried bone alone or with platelet-rich plasma. J Oral Maxillofac
Surg 60: 1018-1025, 2002.

11.

Urist MR. Bone: Formation by autoinduction. Science 150: 893899, 1965.

12.

Urist MR, Silverman BF, Buring K et al. The bone induction
principle. Clin Orthop 53: 243-283, 1967.

13.

Feighman JE, Davy D, Prewett AB et al. Induction of bone by a
demineralized bone matrix gel: A study in a rat femoral defect. J
Orthop Res 13: 881-891, 1995.

14.

Martin GJ, Boden SC, Titus L et al. New formulation of
demineralized bone matrix as a more effective graft alternative in
experimental posterolateral lumbar spine arthrodesis. Spine 24:
637-645, 1999.

15.

Torricelli P, Fini M, Giavaresi G et al. In vitro osteoinduction of
demineralized bone. Artif Cells Blood Substit Immobil Biotechnol
26: 309-315, 1998.

16.

Russell JL, Block JE. Clinical utility of demineralized bone matrix
for osseous defects, arthrodesis, and reconstruction: impact of
processing techniques and study methodology. Orthopedics 22:
524-531, 1999.

17.

Wozney JM, Rosen V, Byrne M et al. Growth factors influencing
bone development. J Cell Sci 13: 149, 1990.

18.

Babbush CA. Histologic evaluation of human biopsies after dental
augmentation with a demineralized bone matrix putty. Implant
Dent 12: 325-332, 2003.

19.

Han B, Tang B, Nimni ME. Quantitative and sensitive in vitro assay
for osteoinductive activity of demineralized bone matrix. J Orthop
Res 21: 648-654, 2003.

20.

Reddi AH. Bone morphogenetic proteins: from basic science to
clinical applications. J Bone Joint Surg Am 23: 1-6, 2001.

21.

Harakas NK. Demineralized bone-matrix osteogenesis. Clin
Orthop 188: 239, 1984.

22.

Y›ld›r›m M, Spiekermann H, Biesterfeld S et al. Maxillary sinus
augmentation using xenogenic bone substitute material BioOss in
combination with venous blood: A histomorphometric study in
humans. Clin Oral Implants Res 11: 217, 2000.

215

Effect of Demineralized Bone Matrix on Resorption of Autogenous Cortical Bone Graft in Rats

23.

Stavropoulos A, Kostopoulos L, Mardas N et al. Influence of
demineralized bone matrix's embryonic origin on bone formation:
an experimental study in rats. Clin Implant Dent Rel Res 5: 184192, 2003.

29.

Turner TM, Urban RM, Hall JD et al. Restoration of large bone
defects using a hard-setting, injectable putty containing
demineralized bone particles compared to cancellous autograft
bone. Orthopedics 26: 561-565, 2003.

24.

Oakes DA, Lee CC, Lieberman JR. An evaluation of human
demineralized bone matrices in a rat femoral defect model. Clin
Orthop Relat Res 413: 281-290, 2003.

30.

25.

Frenkel SR, Moskovich R, Spivak J et al. Demineralized bone
matrix. Enhancement of spinal fusion. Spine 18: 1634-1639,
1993.

Gosain AK, Song L, Santoro TD et al. Long-term remodeling of
vascularized and nonvascularized onlay bone grafts: A
macroscopic and microscopic analysis. Plast Reconstr Surg 103:
1443-1450, 1999.

31.

Boeck-Neto RJ, Gabrielli M, Lia R et al. Histomorphometrical
analysis of bone formed after maxillary sinus floor augmentation
by grafting with a combination of autogenous bone and
demineralized freeze-dried bone allograft or hydroxyapatite. J
Periodontol 73: 266-270, 2002.

32.

Gordh M, Alberius P. Some basic factors essential to autogenetic
nonvascularized onlay bone grafting to the craniofacial skeleton.
Scand J Plast Reconstr Hand Surg 33: 129-146, 1999.

33.

Stevenson S, Emery SE, Goldberg VM. Factors affecting bone
graft incorporation. Clin Orthop 324: 66-74, 1996.

26.

Torricelli P, Fini M, Giavaresi G et al. Characterization of bone
defect repair in young and aged rat femur induced by xenogenic
demineralized bone matrix. J Periodontol 73: 1003-1009, 2002.

27.

Becker W, Becker BE, Caffesse R. A comparison of demineralized
freeze-dried bone and autogenous bone to induce bone formation
in human extraction sockets. J Periodontol 65: 1128, 1994.

28.

Becker W, Urist MR, Tucker LM et al. Human demineralized
freeze-dried bone:inadequate induced bone formation in athymic
mice: A preliminary report. J Periodontol 66: 822, 1995.

216

